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The Importance of Cationic Amino Acid Transporter Expression
in Human Skin
To the Editor:
We read with great interest the article ‘‘The importance of catio-
nic amino acid transporter expression in human skin’’ by Schnorr
et al ( J Invest Dermatol 120:1016^1022, 2003) and would like to
make some comments of interest.
To date, four transport systems for cationic amino acids in ani-
mal cells have been described and characterized (Deves and Boyd,
1998). The functionally most important transport system is prob-
ably the yþ system, which selectively and stereospeci¢cally trans-
ports L-arginine, L-lysine, and L-ornithine (Christensen and
Antonioli, 1969). It is represented by the family of cationic amino
acid transporter (CAT) proteins, which are coded in
humans by at least four genes (CAT1CAT4) (Palacin et al,
1998; Sperandeo et al, 1998; Vekony et al, 2001). The CAT2 gene
has a special characteristic: it codes for two splice variants
CAT2A and CAT2B di¡ering in a stretch of only 42 amino acids
(Closs et al, 1993). An indication of the existence of CAT pro-
teins in keratinocytes too has been provided by the ¢nding that
an increase in arginase activity and urea synthesis was dependent
on extracellular L-arginine but not D-arginine (Wohlrab et al,
2002).
Schnorr et al (2003) demonstrate the CAT system in keratino-
cytes (NHEK), dermal endothelial cells (HDMEC), HaCaT cells,
and ¢broblasts on the mRNA level using semiquantitative
RT-PCR. In NHEK and HDMEC, both CAT1 and CAT2 were
constitutively expressed, whereas ¢broblasts and HaCaTcells con-
stitutively possessed CAT1 only. Although CAT2 as an inducible
isoform and CAT2A as constitutively expressed in hepatocytes
and muscle cells are mentioned in the introduction, the presenta-
tion does not consider the di¡erentiation between CAT2A and
CAT2B, but refers solely to CAT2. Due to the primer used for
CAT2, it is actually not possible to distinguish between CAT2A
and CAT2B mRNA.
The authors give constitutive expression levels of CAT1 and
CAT2 within a comparable order of magnitude. For quantitative
comparisons, however, more reliable results should be obtained
using real-time PCR. Applying this method, we found CAT1,
CAT2B, and CAT4 to be constitutively expressed in NHEK,
HDMEC, and HaCaT cells (Fig 1), whereas CAT3 mRNA
could not be detected at all (data not shown). In respect of the
expression level, it could be shown that CAT1 mRNA was
10- to 100-fold more strongly expressed than CAT2B or CAT4.
In line with Schnorr et al (2003), HaCaT cells possessed the
highest level of CAT1. In addition, it should be noticed that
CAT2B mRNA in HDMEC and CAT4 mRNA in NHEK were
detectable at clearly higher levels than in the respective other cell
lines (Fig 1).
Using real-time PCR again, we found a statistically signi¢cant
increase in CAT1 in HDMEC after cytokine challenge for 24 h,
whereas no change was stated by Schnorr et al (2003). For NHEK,
the increase in CAT2B induced by the cytokine cocktail was con-
sistent with the increase in CAT2 reported by Schnorr et al (2003).
For HDMEC, however, our result di¡ers by a factor of 7.5
(30-fold increase) (Fig 2) compared to Schnorr et al (2003) (4 -fold
increase), but this might be attributed to the use of di¡erent pri-
mers leading exclusively to the ampli¢cation of the isoform
CAT2B in our experiments.
To quantify the PCR products we used the following real-
time PCR method. The cells (NHEK, HDMEC, HaCaT cells)
were incubated with a cytokine cocktail as indicated in Fig 2
or were left untreated as a control. RNA was isolated
and transcribed to cDNA. In addition, a standard of each CAT
product was produced via in vitro transcription and run in de¢ned
concentrations in each PCR. The products obtained from the
individual samples were then calculated in relation to the res-
pective standard. The PCR was performed on a Rotor-Gene
2000 (Corbett Research, Sydney) and was assessed using the
appropriate software provided by the manufacturer. Primers
(Metabion, Martinsried, Germany) and PCR conditions are
listed inTable I.
In summary, our aim is to contribute some additional data and
to point out the splice variants of CAT2, which should be more
strongly considered in future studies on CAT expression.
Figure1. Quanti¢cation of the basic expression of genes hCAT1,
hCAT2b, and hCAT4 in NHEK, HaCaT, and HDMEC. Untreated
NHEK, HaCaT, and HDMEC were harvested and used in a real-time
PCR in cDNA-transcribed RNA. Each product could be ampli¢ed by
using speci¢c primers. Quanti¢cation was possible with the intercalating
substance SybrGreen, which was run with every batch. Three independent
experiments were performed for each.
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Figure 2. Quanti¢cation of expression of genes hCAT1, hCAT2b,
and hCAT4 in NHEK and HDMEC after incubation with a cocktail
of tumor necrosis factor a, interleukin-1b, and interferon-c (1000 U
per ml in NHEK or 800 U per ml in HDMEC). After incubation with
1000 U per ml tumor necrosis factor a, interleukin-1b, and interferon-g
NHEK, HDMEC, and HaCaTcells were harvested and used in a real-time
PCR in cDNA-transcribed RNA. Each product could be ampli¢ed by
using speci¢c primers. Quanti¢cation was possible with the intercalating
substance SybrGreen, which was run with every batch. Three independent
experiments were performed for each. Signi¢cant changes with po0.05
versus untreated control.
Table I. GenBank accession numbers and sequences of primers used
Product/GenBank accession no. Strand Sequence Fragment size
Human CAT1/NM^003045 Sense 5
0GATTTAGGTGACACTATAGAATACATCTGCTTCATCGCCTACTT03 228 bp
Anti-sense 50TAGCAGTCCATCCTCAGCCATG03
Human CAT2B/U76369 Sense 50GATTTAGGTGACACTATAGAATACCCCAATGCCTCGTGTAATCT-03 120 bp
Anti-sense 50TGCCACTGCACCCGATGATAAAGT-03
Human CAT4/AJ000730 Sense 50GATTTAGGTGACACTATAGAATACATGGTGGGCTCGGGTCTCTA03 303 bp
Anti-sense 50TGCGGATGCTGTGGCTGAAC03
Cycle protocol: 951C 5 min; cycle 1 (eight replicates) 951C 15 s, 641C 30 s, 721C 30 s, 801C 10 s; cycle 2 (30 replicates) 951C 20 s, 551C 30 s, 721C 30 s, 801C 15 s;
401C 30 s.
Measurement of the ampli¢cates obtained was made via the intercalated substance SybGreen every 7 s.
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